Selenophosphate synthetase catalyzes the synthesis of selenophosphate which is a selenium donor for Sec biosynthesis. In Drosophila melanogaster, there are two types of selenophosphate synthetases designated dSPS1 and dSPS2, where dSPS2 is a selenoprotein. The mechanism of gene expression of dSPS2 as well as other selenoproteins in Drosophila has not been elucidated. Herein, we report an essential regulator system that regulates the transcription of the dSPS2 gene (dsps2). Through deletion/substitution mutagenesis, the downstream DNA replication-related element (DRE) located at +71 has been identi®ed as an essential element for dsps2 promoter activity. Furthermore, double-stranded RNA interference (dsRNAi) experiments were performed to ablate transcription factors such as TBP, TRF1, TRF2 and DREF in Schneider cells. The dsRNAi experiments showed that dsps2 promoter activities in DREF-and TRF2-depleted cells were signi®cantly decreased by 90% and 50%, respectively. However, the depletion of TBP or TRF1 did not affect the expression level of dsps2 even though there is a putative TATA box at ±20. These results strongly suggest that the DRE/DREF system controls the basal level of transcription of dsps2 by interacting with TRF2.
INTRODUCTION
Selenium is a trace element that has been associated with cell proliferation, cancer, development and aging (1) . This element occurs in animals primarily in selenium-containing proteins as the amino acid selenocysteine (Sec). Twenty-®ve selenoprotein genes have been identi®ed in humans and swine and 24 in rodents (2) . These genes code for selenoproteins such as glutathione peroxidase, selenoprotein P, selenoprotein W, thioredoxin reductase and thyroid hormone deiodinases. Sec is located at the active center in those selenoproteins whose functions have been characterized and it plays a major role in the enzyme's function. The primary functions of selenoproteins are to play a role as antioxidants or in the regulation of cellular redox balance (3) .
Selenoprotein biosynthesis in bacteria requires the participation of four gene products (4): Sec synthetase (SelA), a Secspeci®c translation elongation factor (SelB), a Sec-tRNA (SelC) and selenophosphate synthetase (SelD). The mechanism of selenoprotein synthesis in eukaryotes, however, is only partially elucidated (5) . Selenophosphate synthetase (SPS) catalyzes the synthesis of monoselenophosphate, AMP and orthophosphate (6) . Selenophosphate is required for both the biosynthesis of Sec in selenium-dependent enzymes and for the conversion of 2-thiouridine residues to 2-selenouridine in tRNA (7) . Drosophila has two types of SelD homologs named selenophosphate synthetase 1 and selenophosphate synthetase 2. In addition to the biochemical roles of SPS, the Drosophila selenophosphate synthetase 1 gene (dsps1) has been shown to be involved in imaginal disk morphogenesis, brain development and cell proliferation through the cis-control of the cellular redox balance (8, 9) . Drosophila selenophosphate synthetase 2 (dSPS2) is another SelD homolog found in eukaryotes. dSPS2 is a selenoprotein containing a Sec codon in the predicted active site of the enzyme instead of the arginine codon in dSPS1 (10) . Although dSPS2 is anticipated to play similar biochemical roles to dSPS1, its functions in development, regulation mechanism of gene expression and signaling pathways have not been elucidated.
Promoters for mammalian selenoprotein genes such as the genes encoding glutathione peroxidase 1, glutathione peroxidase 2, phospholipid hydroperoxide glutathione peroxidase, thioredoxine reductase 1, selenoprotein W and selenoprotein P have been analyzed (11±17). These mammalian selenoprotein genes contain a TATA box as their core promoter and most mammalian selenoprotein genes require an auxiliary transcription factor such as SP1 (18) . However, the mechanism of transcription of the genes involved in selenium metabolism in Drosophila has not been elucidated.
The DNA replication-related element (DRE) is a regulatory element frequently found in the promoters of Drosophila genes involved in cell proliferation (19) or cell cycle regulation (20) . DRE sequences have been found within 1 kb upstream of the transcription initiation sites of many genes. A transcription factor DREF (DRE-binding factor) that speci®cally binds to the DRE sequence has also been isolated as an 80 kDa polypeptide homodimer (19) . DREF can serve as an activator to regulate the transcription of the genes carrying DRE in their promoter region. Furthermore, this protein also associates with TRF2 (TBP-related factor 2), which directs promoter-selective expression of Drosophila genes such as PCNA (21) . TRF2 has also been designated as either TLP, TLF or TRP (22) . Double-stranded RNA interference (dsRNAi) has proven to be a powerful tool for disrupting gene expression in Drosophila both by making targeted gene knockdown¯ies (23) and by introducing dsRNA into cultured cells (24) . In the present study, we identi®ed the DRE/DREF system as an essential complex for the transcription of dsps2 by deletion/substitution mutation, electrophoretic mobility shift assays and dsRNAi knockdown of the expression of speci®cally targeted transcription factors (TFs). We introduced dsRNA directly into cultured Drosophila cells to knock down the expression of TFs and analyzed the promoter activity of dsps2 in TF-depleted cells. It was found that TRF2 was also required for the transcription of dsps2.
MATERIALS AND METHODS

Oligonucleotides
Oligonucleotides and their uses were as follows: (i) 5¢-CGCGAATTTCTACGCACCGG-3¢ was used as a primer for sequencing in RNase protection assays (RPA); (ii) 5¢-GCTAGTGACGGCACTTCAACACTTATCG-3¢ was used in primer extension experiments to determine the transcriptional initiation site; (iii) 5¢-TACTAGGAATATCGATA-AGTGTTGA-3¢ (wtDRE), 5¢-GCAGCTTCCGCGATCG-CCTGTGGTC-3¢ (non-speci®c competitor), 5¢-TACTA-TTCCTATCGATAAGTGTTGA-3¢ (mNDRE 1), 5¢-TACTA-GGAAGCGAGATAAGTGTTGA-3¢ (mDRE 1), 5¢-TACTA-GGAATATCTCGCAGTGTTGA-3¢ (mDRE 2), 5¢-TACTA-GGAATATCGATACTGGTTGA-3¢ (mNDRE 2) and 5¢-TACTAGGAATCGATCTAAGTGTTGA-3¢ (mut 3) were used to make double-stranded oligonucleotides used in electrophoretic mobility shift assays (EMSA) as probes or competitors; (iv) 5¢-AATTAACCCTCACTAAAGGGAT-GGACCAAATGCTAAGCCC ±3¢ (TBP cDNA forward), 5¢-AATTAACCCTCACTAAAGGGTACTTTCTCGCTGCCA-GTCT-3¢ (TBP cDNA reverse), 5¢-AATTAACCCTCACT-AAAGGGGGTGGTTCAACAAGTCGTCT-3¢ (TRF1 cDNA forward), 5¢-AATTAACCCTCACTAAAGGGAATAGGT-GATATCGCCTCCA-3¢ (TRF1 cDNA reverse), 5¢-AATT-AACCCTCACTAAAGGGACAAGTCGTCGGTGGTTCA-T-3¢ (TRF2 cDNA forward), 5¢-AATTAACCCTCACTAA-AGGGGTGCCCAGTACGTTGACAATD-3¢ (TRF2 cDNA reverse), 5¢-AATTAACCCTCACTAAAGGGATGAGCG-AAGGGGTACCAG-3¢ (DREF cDNA forward) and 5¢-AATTAACCCTCACTAAAGGGCCTCGTGCTTGATGAC-ACG-3¢ (DREF cDNA reverse) were used as primer sequences for making dsRNA.
Antibodies
Anti-TFIID (TBP) antibody was purchased from Santa Cruz. Anti-DREF antibodies Mab-#1 and Mab-#4 were obtained from M. Yamaguchi (25) . Anti-actin antibody was purchased from Sigma.
Plasmid construction
An 841 bp of genomic DNA fragment containing the 5¢-anking region of dsps2 was produced by PCR ampli®cation of Drosophila (Oregon R.) genomic DNA using 5¢-ACT-GACAGATCTCTTAGGAGCAGACATAAATG-3¢ and 5¢-GACTACAAGCTTGTAAACTTAGTAAGCTGAAA-3¢ as primers, and subcloned into the BglII/HindIII restriction sites of the pGL3B vector (Promega). This plasmid was designated pGL3B-SPS2P. For RPA, the Drosophila genomic DNA insert in pGL3B-SPS2P was subcloned into the pBluscript II KS(+) vector (pBluescript-SPS2P). Internally deleted DNA fragments covering sequences from +21 to +82 were generated by ligating different combinations of 5¢-and 3¢-truncated fragments ampli®ed by PCR and cloning into the BglII/HindIII restriction sites of pGL3B vector. Linker substitution mutants were generated by substituting six nucleotides at the target site with a BglII restriction sequence. DNAs encoding the upstream region and the downstream region from each target site were ampli®ed by PCR. The forward primer for the upstream fragment has a XhoI restriction site and the reverse primer for the upstream fragment has a BglII restriction site which is the substitution of the six target nucleotides. The forward primer for the downstream fragment contains a BglII restriction site that is also the substitution of the same target sequence and the reverse primer for downstream fragment has a HindIII restriction site. The ampli®ed DNAs were digested with BglII and ligated. The ligated fragment was redigested with XhoI and HindIII and cloned into pGL3B. Base substitution mutant plasmids were constructed from mutant DNA fragments generated in PCR-based mutagenesis reactions by using two sets of forward and reverse primers. The plasmid pT-luc (26) was used as a parental plasmid for constructing pTlucsps2p(wt) and pTluc-sps2p(mDRE1). The 841 bp promoter regions of dsps2 containing the wild type DRE or mutant DRE1 was cloned into the BamHI site of pT-luc. TBP-luc and TFIIS-luc were described previously (27, 28) .
RNase protection assay
The antisense RNA probe was prepared by transcribing pBluescript II KS(+)-SPS2P using T7 RNA polymerase, after digesting the plasmid with HincII and then labeling with [a-32 P]UTP (3000 Ci/mmol). Labeled RNA (5 Q 10 5 c.p.m.) was hybridized to total RNA puri®ed from adult Drosophila (Oregon R.). The hybridization reaction was carried out in a mixture containing 40 mM PIPES pH 6.4, 1 mM EDTA, 0.4 M NaCl and 80% formamide for 12±18 h at 50°C. Following hybridization the sample was digested with RNase digestion buffer containing 300 mM NaCl, 10 mM Tris±Cl pH 7.4, 5 mM EDTA pH 7.5 and 10 ml of RNase A/T1 mix (2 mg/ml RNase A, 5000 U/ml RNase T1) for 1 h at 30°C. This reaction was terminated by adding 0.6% SDS and 50 mg of proteinase Nucleic Acids Research, 2004, Vol. 32, No. 8 2483 K. The reaction was then extracted with phenol±chloroform and precipitated with ethanol, and the products were analyzed on a 4% polyacrylamide gel containing 7 M urea.
Primer extension
A synthetic oligonucleotide complementary to nucleotide positions +74 to +101 of the dsps2 was 5¢-end-labeled with [g-32 P]ATP using T4 polynucleotide kinase. Total RNA isolated from adult Drosophila was mixed with 2 Q 10 6 c.p.m. of labeled primer in 30 ml of hybridization buffer containing 40 mM PIPES pH 6.4, 1 mM EDTA, 0.4 M NaCl and 80% formamide. After denaturation, the RNA±primer mixture was hybridized for 12 h at 30°C and precipitated with ethanol. The extension process was carried out at 42°C for 1 h by adding Moloney murine leukemia virus (M-MLV) reverse transcriptase. The extended product was then ethanol precipitated and analyzed on a sequencing gel consisting of 6% polyacrylamide/7 M urea and a sequencing standard using the same primer was also loaded on the same gel.
DNA transfection and luciferase assay
Drosophila Schneider cells (SL2) were cultured at 25°C in HyQ SFX-INSECT media (HyClone). Schneider cells were plated at 2 Q 10 6 cells per well in a six-well plate and cultured for 24 h before DNA transfection using Lipofectin reagent (Invitrogen). Each transfection includes 3 mg of wild-type or mutant plasmids. For normalization, all of the constructs were cotransfected with 0.6 mg of pG5E16-CAT and MT-GVP, each of which expresses chloramphenicol acetyl transferase (CAT) and its activator. Transfection was performed for 24 h and then the media was replenished. Cells were harvested 72 h after transfection and luciferase assay was carried out by means of a Luciferase Reporter Assay System (Promega). All transient transfection data represented relative activities that were compared with the wild-type activity and each transfection was performed in triplicate.
Preparation of nuclear extracts and EMSA
Nuclear extracts were prepared from Drosophila Schneider cells (SL2) as previously described (29) . The GST-DREF (1± 125) (30) fusion protein was expressed from a pGEX-DREF(1±125) clone in Escherichia coli BL21, and puri®ed as previously described (30) . Thirty femtomoles of labeled probe was incubated in a 20 ml reaction mixture containing 1 mg of BSA, 5 mM DTT, 0.5 mg of salmon sperm DNA, 1 mM EDTA, 105 mM KCl and 10 mg of SL2 nuclear extract or 100 ng of puri®ed GST-DREF (1±125) fusion protein at 25°C for 15 min. In competition experiments, unlabeled competitors were added to the reaction in amounts 20±50Q molar excess of the probes.
Double-stranded RNA interference
To generate double-stranded RNAs of the transcription factors, cDNA fragments~600±700 bp in length were ampli®ed by PCR with forward and reverse primers containing T3 promoter sequence tag (AATTAACCCTC-ACTAAAGGG) (see Oligonucleotides). The ampli®ed cDNA fragments were employed as templates with T3 Megascript kit (Ambion) to transcribe in both directions. Both sense and antisense strand RNA were annealed as follows: The RNA products were resuspended in 2Q annealing buffer (40 mM HEPES±KOH pH 7.6, 10 mM EDTA pH 8.0) and annealed by incubation at 95°C for 5 min followed by slow cooling to room temperature. The annealed products were then extracted with acid phenol±chloroform± IAA followed by ethanol precipitation. The RNA pellets were resuspended in sterile water and analyzed by 1% agarose gel electrophoresis to con®rm that the dsRNA products were produced.
To introduce dsRNAs into cells, 1 Q 10 6 SL2 cells were plated on a 24-well plate in 400 ml of HyQ SFX-INSECT media (HyClone). dsRNAs were added directly to the media to a ®nal concentration of 37 nM and incubated for 8 h (24). The cells were transfected with CAT-and luciferase-reportercontaining vectors, harvested in 40 h and the promoter activity assayed by measuring luciferase activity. Luciferase activity was normalized with CAT activity.
Northern blotting
Total RNA was isolated from SL2 cells using TRIzol Reagent (Invitrogen) according to the manufacturer's instructions. For northern blot analysis, 25 mg of total RNA was loaded on a 1% agarose±formaldehyde gel and transferred onto a HybondN+ membrane (Amersham). The cDNAs of TBP, TRF1, TRF2 and DREF were used as probes and these sequences corresponded to the C-terminal 500 bp of each gene, which did not include the sequences for dsRNA production. Ribosomal protein 49 (Rp-49) cDNA was used as an internal control. The ®lters were hybridized overnight, washed and autoradiogrammed.
Western blot analysis
Cells were lysed in 1Q reporter lysis buffer (Invitrogen). Proteins were separated by SDS±polyacrylamide gel electrophoresis (8%) and transferred to a Hybond-ECL nitrocellulose membrane (Amersham). The membrane was blocked with TBST (50 mM Tris±Cl pH 8.5, 150 mM NaCl, 0.1% Tween 20) containing 5% low-fat dried milk (Sigma) for 1 h at room temperature, and then incubated with an appropriate antibody for 1 h at room temperature. After washing with TBST, the membrane was incubated with goat anti-mouse IgG (Sigma) or goat anti-rabbit IgG (Sigma) for 1 h at room temperature. The signal was detected using an ECL kit (Amersham).
RESULTS
Cloning and sequencing of 5¢-¯anking region of dsps2
The 5¢-¯anking region of dsps2, which was 854 bp in length, was PCR ampli®ed from genomic DNA of Drosophila (Oregon R.), and subcloned into the pGL3B vector. Ten independently cloned plasmids were then sequenced to exclude the possibility of mutagenesis which might be produced during PCR. By analyzing the sequence, we found four nucleotides located upstream and downstream from the translation initiation point that were different from the genomic sequence published previously (31) (Fig. 1) . One plasmid containing a typical sequence was desiganted pGL3B-SPS2P. Two putative TATA box sequences (5¢-TATAAA) were found at nucleotide positions between ±77 and ±72 and between ±23 and ±18.
Determination of transcriptional initiation site of dsps2
RPA was performed prior to the primer extension experiment to measure the length of 5¢-UTR of dsps2 mRNA. The antisense RNA probe corresponding to 300 bp of the 5¢-anking sequence was generated by in vitro transcription and hybridized with Drosophila total RNA ( Fig. 2A) . After hybridization, single-stranded RNA was digested with RNases. A single protected fragment 161 nt long was observed (Fig. 2B, lane 2) . The size of protected RNA was estimated by comparison with the DNA sequencing ladder generated on a pBluescript-SPS2P plasmid by RPA primer that contains the same 5¢-end as that of the antisense RNA probe used in this experiment (Fig. 2B, left four lanes) .
In addition to the RPA, primer extension was performed by using a 5¢-labeled 28mer antisense primer (corresponding to nucleotide positions +74 to +101) (see Materials and Methods for the sequence) with total RNAs isolated from Drosophila. As shown in Figure 2C , a single 101 bp extended product was detected. By comparing this product with the DNA sequencing ladder generated from the pGL3B-SPS2P plasmid using the same primer, the transcriptional initiation site of dsps2 was determined to be located 164 bp upstream from the initiation site of translation (see Fig. 1 ). The position of the transcription initiation site as determined by primer extension coincided with that obtained by RPA.
Identi®cation of the dsps2 promoter region
Several deletion mutants were constructed to determine the core promoter of dsps2. By employing exonuclease serial deletion mutagenesis, it was found that the region downstream of the transcriptional initiation point (+21 to +82) was more essential than the upstream region (data not shown). Therefore we examined the promoter activities of two downstream deletion mutants and the putative downstream TATA box mutant (located at ±23 to ±18) relative to those observed with the wild type (pGL3B-SPS2P) and negative control (pGL3-Basic) sequences. As shown in Figure 3A , DPD2 contained a deletion from +40 to +78 and its promoter activity was <5% of that of wild type. DPD1 contained a deletion from +17 to +41, but its promoter activity appeared to be stimulated compared with that of wild type. Surprisingly, the mutated putative TATA box upstream of dsps2 showed only 40% decreased promoter activity compared with wild type. Similar results were obtained in DPD1-TM and DPD2-TM, which are double mutants at both the TATA box and downstream regions. These results suggest that the downstream region spanning +40 to +80 contains an important element for the transcription of dsps2. Therefore we focused in greater detail by using linker substitution and site-directed mutagenesis. As shown in Figure 3B , linker mutants were generated over the +49 to +88 region at 10-bp intervals and the middle sequences of each interval were substituted with a BglII restriction sequence. These four linker mutant plasmids were then transfected transiently into SL2 cells and their relative promoter activities measured. Promoter activities of linkers 2, 3 and 4 relative to wild type were decreased by 81%, 98% and 68%, respectively. These results suggest that the essential element in dsps2 is located within the region spanning +62 to +91 and presumably the core promoter would be in the linker 3 region, since the latter region exhibited the lowest activity. 
DRE is the essential element of dsps2
Linker 3 (+72 to +81) contains an 8 bp palindromic sequence (+71 to +78; TATCGATA), which is the consensus sequence of DRE. To con®rm whether the DRE consensus sequence regulates the transcription of dsps2, a set of base substitution mutations in and around the DRE sequence was constructed. The effects of these mutations on the promoter activity were examined with the luciferase assay system. As shown in Figure 4 , plasmid mNDRE1 carrying four base substitutions immediately upstream of the DRE sequence did not affect the transcriptional activity of dsps2, while plasmid mNDRE2 carrying three base substitutions immediately downstream had 50% reduced activity compared with wild type. In contrast, plasmids mDRE1 and mDRE2 that contained mutations within the 8 bp sequence motif manifested severe reduction, and to a level of the negative control. These data strongly suggest that DRE is the essential element of dsps2.
Identi®cation of speci®c transcription factor that binds to DRE of dsps2
EMSA experiments were used to determine if there is protein binding speci®city to the DRE sequence of the dsps2 promoter. Extracts of SL2 cells were mixed with 32 P-labeled probe, with or without an excess of unlabeled potential competitor, and the complex electrophoresed as shown in Figure 5 . A single DNA±protein complex was detected as a shifted band using the synthetic wtDRE oligonucleotide as probe. This shifted band was diminished by adding excessive amounts of unlabeled wtDRE and mNDRE1. However, the addition of mDRE1, mDRE2 and Mut3, which has ®ve nucleotide substitution mutations in the center of DRE, did not affect formation of the retarded band (Fig. 5A) . It should be noted that the addition of cold mNDRE2 in which the 3¢¯ank of DRE was mutated resulted in a weak reduction in band retardation. This result is consistent with that obtained from the promoter activity assay mentioned above.
To determine that the protein bound to DRE is DREF, a supershift experiment was performed. When the anti-DREF antibody, designated Mab-#4, was added to the reaction, a supershifted band was generated (Fig. 5B, lane 3) . However, the addition of Mab-#1 caused inhibition of protein binding to the probe (Fig. 5B, lane 4) . Mab-#1 speci®cally binds to the DNA binding domain of DREF (25) . These results indicate that the protein bound to DRE is DREF. Using a recombinant fusion protein of the N-terminal fragment (1±125 amino acid residues) of DREF, designated GST-DREF (1±125), the electrophoretic mobility shift assay was performed. GST-DREF (1±125) was observed to bind speci®cally to a labeled wtDRE probe in vitro (Fig. 5C) . In considering the EMSA and supershift assay, we can conclude that DREF binds to the DRE sequence which is located at bases +71 to +78 downstream of the dsps2 initiation site. 
Activation of the dsps2 promoter by DREF overexpression
To determine the promoter-selective properties of DREF, we examined whether DREF can stimulate the dsps2 promoter activity by cotransfection with the DREF expression plasmid. The plasmids pTluc-sps2p(wt) or pTluc-sps2p(mDRE1), which contain the luciferase reporter gene under control of the wild type or the mDRE1 mutated dsps2 promoter, respectively, were cotransfected into SL2 cells with DREF expression plasmid. The transient expression of luciferase was then measured. As a positive and a negative control, Drosophila TBP and TFIIS gene promoter±luciferase fusion plasmids were used. The Drosophila TBP gene promoter contains DREs and was previously known to be regulated by the DRE/DREF system (26) . Cotransfection with the DREF expression plasmid resulted in~2.5-and 2-fold stimulation of the wild-type dsps2 and TBP promoter activities, respectively (Fig. 6) . However, the activity of TFIIS promoter, which does not contain DRE, was not stimulated. The cells transfected with pTluc-sps2p(mDRE1) with or without DREF expression plasmid show almost no luciferase activity (data not shown). These data suggest that DREF activates the dsps2 promoter in a DRE-dependent manner and is required for transcription of dsps2.
Identi®cation of DREF as an essential transcription factor by dsRNAi
We employed dsRNAi strategy to ablate general transcription factors (GTFs) such as dTBP, dTRF1 and dTRF2 and DREF. Double-stranded RNAs,~700 bp long, were prepared and introduced into Schneider cells by adding them directly into the culture medium. The endogenous target RNAs (DREFi, TBPi, TRF1i and TRF2i) were con®rmed to be depleted speci®cally by northern blot analysis within 8 h after treatment (Fig. 7A) . Eight hours after double-stranded RNA treatment, the plasmid pGL3B-SPS2P, which contains the luciferase reporter under control of the dsps2 promoter, or the plasmid pGL3-Basic, which lacks the dsps2 promoter, was transfected and promoter activity examined after 40 h incubation. The levels of TBP and DREF were also monitored by western blot analysis before the luciferase assay and it was revealed that the amounts of both proteins were speci®cally and signi®cantly reduced by dsRNA treatment (Fig. 7B, inset) . As shown in Figure 7B , the dsps2 promoter activity in DREF-depleted cells was strongly diminished (10-fold) compared with that of nondepleted cells (Fig. 7B) . Deletion of TRF2 mRNA resulted in a 2-fold reduction of dsps2 promoter activity. However, ablation of TBP and TRF1 did not affect the promoter activity of dsps2. The fact that the ablation of TRF2 decreased the dsps2 promoter activity suggests that it is required for the transcription of dsps2. It should be noted that ablation of TBP did not affect the promoter activity even though the dsps2¯anking sequence contains a putative TATA box at ±20. On the contrary, the TBP-dependent attacin promoter activity was reduced~3.3-fold in TBP-ablated cells. The cells treated with other dsRNAs, however, did not show any signi®cant effect on the activity of the attacin promoter (Fig. 7B, open bar) . These results were consistent with the previous data obtained from DRE mutant experiments and strongly suggest that DREF is an essential transcription factor for dsps2 transcription. The fact that the depletion of TRF2 decreased the dsps2 promoter activity also suggests that DERF forms an initiation complex, presumably by interacting with TRF2 (see below).
DISCUSSION
Although selenium is an essential element for many life forms and selenoproteins are key selenium-containing molecules, the regulation of selenoprotein gene expression in Drosophila has not been elucidated. In this study, the regulation of selenoprotein gene expression in dsps2 was examined as a model selenoprotein gene to elucidate the essential element region(s) used in transcription. By deletion or substitution mutagenesis and dsRNAi analysis, we identi®ed the essential element region and at least one of the essential protein factors required for transcription of dsps2. Initially, we cloned the 5¢-anking region of dsps2. Sequence analysis showed that there are four nucleotides that are different from the sequence published previously (31) and this discrepancy is assumed to be the result of different polymorphic forms. In silico promoter analysis showed that the 5¢-¯anking region contains >20 putative promoter elements including a putative TATA box upstream of the transcription start site at ±20. Promoter analysis through deletion and base substitution mutagenesis demonstrated that the DRE positioned at +71 from transcriptional initiation point is the major regulatory element of dsps2. In all DRE-containing genes with the exception of the DREF gene, which has three DREs both upstream and downstream of the transcription start site at ±554 to ±543, ±81 to ±80 and +225 to +234, respectively (32) , this element was found only upstream of the transcription initiation point in dsps2. The downstream DRE in the DREF gene is involved in the autoregulation of DREF, but not in the activation of transcription (32) . Therefore dsps2 is the ®rst example in which DRE is located only downstream from the transcription initiation site and plays a role as the essential element. The Forty-eight hours after dsRNA treatment, cell extracts were prepared and western blot analysis was carried out using anti-DREF or anti-TBP antibody. Actin was used as a loading control. The experiments were performed in triplicate.
